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Introduction
Many developing countries design their trade policies to discriminate against importation of second-hand goods through import bans, licensing requirements, or higher tariff rates. Discrimination against used products is even found among the ranks of the industrialized countries; witness Australia's additional $12,000 tariff on used cars. 1 The motivation for these policies is a combination of a desire to protect domestic industries from competition from low-priced goods, an attempt to avoid becoming a "dumping-ground" for cast-offs from high-income countries, and an attempt to push industries toward the "technological frontier" and avoid the use of "obsolete" technologies.
But trade restrictions on used capital goods appear contrary to the appropriate choice of production techniques in developing countries, where low wages and high interest rates would call for the use of labor-intensive production processes. Older equipment is likely to be more labor-intensive than new equipment because technological change tends to be labor-saving and older equipment requires greater maintenance and implies greater risk of machine down-time. Moreover, the smaller optimal scale of older machines may be more appropriate to smaller developingcountry markets and older machines may be more flexible in their use and less 2 specialized. Some or all of these considerations led a number of authors 2 to conclude that firms in low-wage developing countries would find second-hand equipment more profitable than new machines and that developing countries would suffer a welfare loss from import restrictions on used machinery.
In this literature some models have focused on the impact of greater maintenance costs as machines age (Schwarz (1974) , Thoumi (1975) ), the so-called "vintage capital" literature has emphasized labor-saving technological change (Bardhan (1970) , Smith (1976) ), and some models have incorporated both these phenomena (Mainwaring (1986) ). Recent contributions on technology transfer link the choice of technique to "skills" available to a firm or in a country. Such "skills" are human capital or other technological capabilities acquired through deliberate learning and/or learning-by-doing (Benhabib and Rustichini (1991) , Chari and Hopenhayn (1991) , Keller (1994) , Javanovic and McDonald (1993) and Javanovic and Nyarko (1995 and 1996) ). The more skills that are specific to a particular technique, the more costly it is to switch to that technique. The skill factor is likely to affect the choice between new and used machines, when new models also embody technical change.
In this paper we model a firm's choice between new and used machines and test the predictions emerging from the modeling exercise using data on U.S. exports of new and used metalworking machinery, disaggregated by type of machine and by country of destination. The model incorporates the three factors mentioned above:
2 See Sen (1962) , Schwartz (1973) , James (1974) , Thoumi (1975) and Mainwaring (1986) .
3 greater down-time as machines age; labor-saving technical progress; and skill requirements of more technologically sophisticated machinery.
We use as a basic framework for analysis a model of trade in used machines among heterogeneous firms. Most of the literature on trade in used machinery focuses on heterogeneity between countries based on the stylized fact that developing countries are characterized by lower wages and higher capital costs than industrialized countries (Sen, 1962; Smith, 1974; Mainwaring, 1986 ). We adopt a slightly different approach by adopting a model based on heterogeneity among firms (as in Bond (1983) ). The model takes into account that if labor and capital markets are imperfect, different firms may face different wage rates and capital costs. Firms can also differ in the technical and managerial skills available to them. Heterogeneity among firms located in different countries provides the underlying motive for international trade in new and used capital equipment. Models that do not take firm heterogeneity into account predicted rather extreme trade patterns in used machinery. For example, several models predict that firms in developing countries would import only the oldest available machinery. The assumption that firms in developing countries are heterogeneous in that they may face different wage structures and interest rates is reasonable given imperfections in capital markets, the co-existence of multi-nationals and purely domestic firms, and the dichotomy between formal and informal sectors.
The next section explores the factors influencing machine choice. Section 3 4 models the firm's choice between used and new machines. Section 4 extends the results on firm choices to a broader country context. Section 5 develops the empirical analysis. Section 6 presents conclusions.
New versus used machines
New and used machinery can differ in three important ways: risk of breakdown; productivity of embodied technology; and required technical skills.
Risk of downtime
Used machinery normally requires more maintenance and is more likely to break down. Maintenance requires high labor input. In addition, if workers are paid for a regular work schedule, machine "down-time" implies idle workers, which implicitly increases the labor-intensity of the production process. The impact of breakdowns and maintenance requirements of used machines are captured by adjusting output for down-time using the factor α, defined as the ratio of a used machine's output to that of an identical new machine (0<α<1).
Labor-saving technical progress
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Machinery of a given vintage embodies the technology available when the machine was produced. Labor-saving technical progress is captured by distinguishing between output per worker with a machine newly produced in the current period (an) and output per worker in a machine embodying last-period's technology when that machine was new (ao). Thus the ratio ao/an captures the rate of labor-saving technical progress, independent of the downtime effect α, with (ao/an) ≤ 1.
To clarify the independent impacts of technical progress and the aging process in the context of metalworking machines, the object of the empirical analysis of this paper, it is useful to distinguish between "low-tech" and "high-tech" machines. From a technological point of view, machine tools (especially metal cutting ones) can be divided into two broad categories. Numerically controlled machines have a fast rate of technological upgrading, linked to the development of electronics. Manual machines may improve in terms of design and safety conditions, but have a virtually nil rate of technical progress. "Low-tech" machines are those for which there is no technical progress and "high-tech" machines are those for which the technology is constantly improving with time. The difference in labor productivity between new and used low-tech machines is attributable to increases in maintenance and longer run-down time alone. The difference in labor productivity between new and used high tech machines is attributable to both technical progress and increases in maintenance and longer run-down time. Figure 1 . First, output per worker is always lower for low-tech than for high-tech machines. Second, at any point in time, the decline in labor productivity with age is larger for high-tech machines than for low-tech ones. 
Skill factors
The literature on vintage technology emphasizes the role of technology specific skills. Different technologies may require completely different skills (Evenson and Westphal, 1994; Keller, 1994) . Metal working machine tools provide a very good example. Manual machines (low-tech) require sophisticated craftsmen to operate them (skills in the hands). Numerically controlled machines (high-tech), require electronic technicians (skills in the head). Accumulated "learning by doing" could be 8 lost when a firm switches to a new technology (Chari and Hopenhayn, 1991; Dasgupta and Stiglitz, 1988, Jovanovic and MacDonald, 1993; Nyarko, 1995 and 1996) . Complementarities between workers with different skills may constrain the choice of technology (Chari and Hopenhayn, 1991) .
Linking the education level of the people using the machines (craftsmen, technicians, engineers) to the technology embodied in the machines is essential, but not sufficient. Technological knowledge is often tacit and not transmittable in a codified form (David, 1993) , and 'technological capabilities' are related to the performance of many different technological functions (Lall, 1987) . Skills should therefore refer to the 'absorption capacity' of a firm or a country, i.e. the ability to master a given technology (Evenson and Westphal, 1994; Keller, 1994) . Absorption capacity is affected by a broad set of factors pertaining to the physical, social and economic characteristics of a firm or a country.
Firms may therefore be reluctant to move to high tech technologies, because they do not have the skills to use them, or because building up such skills would be more costly than continuing to use low-tech machines. In our simplified setting, we assume that the adoption of a new high tech technology by a firm which has not the appropriate skills to run it entails a loss in productivity. The productivity level with current skills is captured by γ, the proportion of full capacity output achievable with new machines, given current skills (where 0≤γ≤1). We refer to γ as the "inability coefficient", where γ is lower the less able the firm. The skill factor may constrain 9 the choice between new and used machines, as far as new machines embody an increasing level of technological sophistication.
Trade Policy
Different trade policy instruments influence the choice between new and used machines in different directions. An equal ad valorem tariff rate t on all imported machines raises the domestic price of new and used machines proportionally.
Restrictions discriminating against used equipment through either higher tariffs or licensing restrictions will increase the cost of used equipment disproportionately and discourage its use.
The firm's choice of new versus used machines
Assume that machines last for two periods. A firm buying a new machine can sell it at the end of the period for the going price of a used machine, but used machines will have zero scrap value at the end of the second period of use. At the end of the period, the firm's (net) costs using a new machine embodying the current period's technology would be 3 :
3 It is assumed that machines are paid at the beginning of the period and wages at the end of the period. 
C = P (1+ r)(1+ t) -P (1+ t)+ w a q
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( 1) and with a machine embodying the previous period's technology (if the machine had never been used) would be:
( 2) where: Ci = total cost of production using machinery i Pi = price of machine i ai = labor productivity of machine i (=qi/Li) when it is new Li = labor units per time period with machine i w = wage rate per time period r = interest rate t = ad valorem tariff rate on machinery imports q = full capacity output of a machine when it is new 4
If the machine embodying last period's technology has been used in the previous period, it yields only α of the output it did when new, and if the productivity of new machinery is constrained due to lack of skill in the labor force, the new machine yields only γ times the designed output. More precisely: α = output of 1 period old machine/output of identical new machine γ = proportion of full-capacity output of new machine achievable with current skills Letting Cu and Pu denote, respectively, production costs with, and the market price of, a machine that embodies the previous period's technology that has been 4 Note that we assume that full capacity output of a new machine is always the same (q) independently of machine type, whereas the labor input necessary to achieve full capacity output changes (thus affecting labor productivity ai)
used for one period, a firm will be indifferent between new and used machinery if unit costs are the same with the two types of equipment:
Thus the firm would be indifferent between new and used equipment when:
Solving for PU yields U*, the price of used equipment at which the firm would be indifferent between using new and used equipment:
where:
If a firm's indifference price (Ui) is above the market price of used machinery (Pu), the firm will buy used equipment; if Ui < Pu firms will opt to buy new equipment. Given the market price Pu, an increase in U* makes it more likely firms will buy used equipment and a decrease in U* increases the chance they will buy new equipment.
Note a number of implications of equation (5):
• The indifference price of used machines equals the price of new machines with production capacity equal to that of used machines (the first term in the numerator in the RHS of (5)), net of the higher labor costs of used versus new machines (the second term in the numerator in the RHS of (5));
• Holding other things equal, the gap between the price of new machines and the indifference price of used machines will be larger the greater the rate of technical progress (the smaller ao/an).
• Ceteris paribus, the smaller is α (the more use of equipment generates a loss in productivity) and the smaller is (ao/an) (the greater the rate of labor saving technical progress) the lower the indifference price (the less desirable are used machines).
• The indifference price of used machines (U*) increases as γ falls ceteris paribus, so firms that do not have the technical skills required by new machinery will be more likely to opt for used equipment.
The impact of the wage rate, interest rate, and machinery tariff rate on the indifference price of used machinery is more complicated and depends crucially on the firm's skill level, γ.
Unless the firm is very lacking in skills needed to use higher technology equipment, the productivity of new machines is greater than used machines for the firm i.e.
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(αau/γan)<1. In this case U* declines when w and β increase, so firms facing high wages and a low cost of capital are more likely to prefer new machines (as U*<Pu is a more likely event). Also, U* decreases as θ increases, implying that higher tariffs raise the indifference price of used machines, making their purchase more likely.
Indeed, the impact of a tariff is just like that of the cost of capital r. But lack of skill to make use of higher technology equipment (low γ) could switch the direction of or eliminate the influence of wages, interest rates and the tariff level on the indifference price.
The Market for Used Machines
Assume for the moment that there are two regions, North and South and that firms within a region are homogeneous (have the same γ), and face the same factor prices. Northern firms have higher w and γ, and lower r than Southern firms.
Assume that the South is small in machinery markets compared to the North so the South is a price taker; it faces an infinitely elastic supply of used machines at the indifference price of used machines in the North. Given that the South has lower wages, higher interest rates and more limited technical skills, the indifference price of Southern firms will exceed that of Northern firms (from (5)). Thus, with homogeneous firms the South would only buy used machines, and the North would buy both new and used ones.
14 Southern demand for used machines must be consistent with the zero profit condition:
where: x = quantity of the final product produced and sold by the South Px(x) = price of x subscript s designates value of the variable in the South
The production function is given by: (7) where: Qu = quantity of used machines employed by the South The demand function for good x is given by: (8) Substituting (7) into (8) and (8) When Pu > U*s, i.e. when the price of used equipment is larger than the
indifference price of Southern firms, the latter will not buy any used machines. Thus, the inverse demand function (9) must be consistent with the following condition:
Pu ≥ U*s when Qu = 0.
Therefore:
In equilibrium, as the North is large and pins down the price for used equipment, the quantity of used equipment demanded by the South will be the quantity demanded at the North's indifference price (U*n). Equating (10) and (5) (for the North) yields the equilibrium quantity of used machines demanded by a Southern firm:
Equation (11) shows that the larger is the gap between the indifference prices of Southern and Northern firms, the larger will be the quantity of used machines demanded in the South. This result can be understood more clearly by looking at the graphic representation of the market for used machines in figure 2 below. The First, Southern purchases of used machines increase with technical progress Figure 2 The Market for Used Machines
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(the ratio ao/ an). Indeed, the larger technical progress between new and used equipment, the larger the U*s -U*n gap for any given difference in factor prices.
An increase in technical progress lowers indifference prices of both Northern and Southern firms. Both NN and SS shift downwards, but because of lower wages in the South, the Southern indifference price declines less than the Northern and the equilibrium quantity of used equipment demanded in the South increases. One implication of this result is that faster technical progress (smaller ao/an) will increase the technological gap between Northern and Southern capital stocks.
Second, the net effect of an increase in the downtime caused by used machines (a decline in α) is ambiguous. The effect on the indifference prices is the same as the one caused by technical progress: both SS and NN shift downwards, but SS less than NN. However, SS also becomes steeper, as the Southern firm will demand fewer machines at any given price.
Third, a lower γ (the less skilled the labor force) in the South implies a higher Southern indifference price and therefore a larger demand for used machines.
Indeed, the increase in productivity of new machines will be offset by the lack of appropriate skills to use them.
Fourth, factor prices affect the equilibrium quantity of used machines in the expected directions. A relative increase in Northern wages lowers the Northern indifference price and increases the quantity of used machines demanded by the 18 South. Indeed, the price of used machines would decline more than Southern returns from used machines. The opposite happens for a relative increase in Southern wages. For the same reason, a decline in Northern interest rates increases the equilibrium quantity of used machines bought by the South.
Demand for used equipment with heterogeneous firms
Until now we have assumed that all firms within each region are identical, which implies that their indifference prices would be the same. But labor and capital market imperfections would imply that firms may face different wage and interest rates and may have widely different values of γ. These differences are likely to be particularly severe in developing countries, given credit rationing, labor regulations, dichotomies between formal and informal sectors and the coexistence of multinational and indigenous firms.
We therefore modify the above analysis to take into account heterogeneity among firms in the South. Heterogenous firms imply that there will be a distribution of indifference prices around an average that will be higher than the indifference price in the North. If we keep the assumption that used machinery prices are determined in the North, then heterogeneity of firms implies that each Southern country may import a variety of both new and used machines, and that corner solutions in which countries import either all new or all used machines 19 will be pure exceptions. To understand this point it is useful to discuss figure 3 below. U*n is the indifference price of Northern firms, which determines the price of used machinery Pu. U _ s * is the indifference price of the average Southern firm.
N, on the vertical axis, is the number of firms. All firms with U*i >U*n will buy used machines and all firms with U*i < U*n will buy new machines. The majority of Southern firms will buy used machines, but a number of them will have an indifference price which is lower than the one of the average Northern firm, and The quantity of used machines demanded will depend on the distance between the North and average South indifference price and on the shape of the distribution. The larger the distance, the larger the share of Southern firms purchasing used machines. As long as the determinants of indifference prices remain the same, heterogeneity among firms does not disturb the predictions in the previous sections, but does allow for non-corner solutions in which Southern countries import some new and some used machinery.
The empirical analysis: determinants of trade in used equipment.
In this section we apply the model developed above to data on U.S. exports. (Oliner, 1993) .
With the guidance of an engineer intimately familiar with the complexities and skill requirements of each type of machine, we developed a "skill index" for each 10-digit export category, reflecting the degree of skill required in the labor force to operate that type of machine. The value of the index ranges from 1 to 4, increasing with the level of skills required to use the machine. The specific skills associated with the index are reported in shows the shares (by quantity) of used machinery in total imports of machinery from the United States. As expected, low-income countries import a higher ratio of used to new machinery, but the variation in the shares of machines imported second-hand (between roughly 10 percent for high-income countries and about 24 percent for low-income countries) is not huge. The average skill index of imported machinery is higher for high-income countries than low-income countries, but again the difference is not large. If we divide machines into "hightech" (skill index 3 and 4) and "low-tech" (skill index 1 and 2), the same pattern emerges; The ratio of used machines to new machines imported is greater for These figures provide some empirical support for our hypotheses on trade in used equipment, but it does not provide information on which of the many factors cited are significant in determining the choice between new and used machines. To cast some light on this question we undertook econometric analysis of the data to try to explain the new/used equipment choice.
We estimated the share of used machinery in total U.S. exports of each machine 1 High-income: GDP per capita > US$12,000 2 Middle-income: $US1,300 < GDP per capita < US$12,000 3 Low-income: GDP per capita < US$1,300 4 Weighted average by value of shipments 24 category to each importing country as a function of importing-country-specific variables (wage rates, skill levels, and trade barriers) and machine-specific variables (rate of technical progress of the type of machinery and skill level required to operate it). The basic estimating equation was: (12) where:
Q u ij = quantity of used machinery of type i exported to country j as a proportion of total machinery of type i imported by country j, 1990-1994 wj = a factor-price variable (wage/interest rate ratio; wage rate in U.S. dollars; or GDP per capita in U.S. dollars) in country j Tij = rate of technological progress in machinery of type i imported by country j, measured as the difference of unit values of new and used machinery Sij = average skill requirement index for machines of type i exported to country j Ej = education level in country j, measured by average years of school Nj = dummy variable = 1 if country j had a non-tariff barrier on imports of used equipment during 1990-1994, 0 otherwise tij = tariff rate on imports of machinery of type i in country j vij = disturbance The results are presented in table 3. We estimated three versions of the model using three different measures for the factor-price variable. Equation 1 uses the ratio of the wage rate to the interest rate; equation 2 the wage rate in U.S. dollars, and equation 3 per capita GDP in U.S dollars. Initial estimates using the OLS estimation method (not reported) posed heteroskedasticity problems, as the variance of the error term is decreasing with the share of imports of machines of type i on total imports of country j. Indeed, the lower the share, the less stable are imports of a given machine. We corrected for heteroskedasticity using two methods. The first (equations 1a,2a,3a) was a Weighted Least Square method, using the share of imports of machines of type i on total imports of country j as weights. Because there are potential endogeneity problems with this method that risk introducing spurious correlation, we In the equations using the ratio of factor prices (equations 1a and 1b) the coefficient of the wage/interest rate variable has the expected sign, but is only statistically significant at the 10% level. Our concern that measured interest rates may not reflect true borrowing costs in some countries due to capital market imperfections led us to use wage levels alone (equations 2a, and 2b). The results retain the expected sign, but the estimated coefficients are still insignificantly different from zero at conventional levels. Using GDP per capita as a proxy for wages also yields results with the expected sign, that are significantly different from zero. To the extent that per-capita GDP is a good proxy for wages, these results imply factor costs affect the choice between new and used capital equipment.
All of the estimated coefficients for the machine specific technology and skill variables have the expected signs and are significantly different from zero at the .01 (**) level (using a two-tailed test). Indeed, the most striking outcome of the empirical work is the strong and robust performance of the technological and skillrelated variables. The proportion of equipment imported second-hand is larger, the more high tech are the machines (as measured by the skill index) and the faster is technological progress (i.e. the larger is depreciation). The results for the trade policy variables are somewhat disappointing. The estimated coefficient of the dummy variable for the existence of non-tariff import barriers on used machinery is of inconsistent sign and is never significant. This may be due to incomplete data, because the variable was generated using reports of the existence of NTBs on used machinery in various surveys of trade policy in the countries in the sample, but some of these NTBs may simply not have been reported
. The model predicted that tariffs on machinery, by increasing the cost of capital to the firm, would encourage firms to opt for more labor-intensive used machinery. Yet the estimated coefficient of the tariff variable was negative and at times significant.
The lack of robustness of wages (when measured directly and not by GDP, which also reflects the absorption capacity) and the unexpected sign on the tariff variable can also be interpreted as an indirect indicator of the importance of including technological factors and skill constraints in the model. Recall that in equation (5), which specifies the price at which firms will be indifferent between new and used machinery, the sign and magnitude of the impact of factor-price and tariff changes depends on the rate of technological change (an/a0), adjusted for the decrease in productivity of machines due to age (α) and the "inability coefficient" (γ). The apparent lack of significance of the factor-price variables for used machinery demand may be explained by a relatively small value of the inability coefficient (γ).
The consistently significant results for the GDP variable and the significance of the education variable in at least some of the estimated equations, also buttress the conclusion that technology and skill factors are crucial in determining the choice of type of machinery.
Conclusions
Developing and transitional economies frequently discriminate against imports of second-hand goods, including production machinery. The literature on this issue has pointed out that restrictions of this kind are costly because they deny firms access to older equipment, which is usually more labor-intensive than new 30 equipment, and thus more appropriate for low-wage countries.
We developed a model that extended the established approach to take into consideration technological progress embodied in new machinery and skill constraints faced by firms in developing countries and tested hypotheses based on the model using data on U. S. exports of new and used metalworking machinery by country of destination. The results tend to corroborate the view that used equipment will be demanded by firms in lower-income developing countries. The proportion of each type of machinery bought second-hand is especially high for "higher-tech" equipment requiring more sophisticated operating skills. 
